Background Second-hand smoke is associated with adverse health effects. Many countries have extended smoke-free policies to public buildings and workplaces such as hospitals, but mental health units have usually been exempted from complete smoke-free bans. The objective of this study was to evaluate second-hand smoke levels in mental health units with different types of smoking bans.
Introduction
Second-hand smoke has several harmful health effects and has been associated with lung cancer, respiratory symptoms and cardiovascular diseases. 1, 2 In many countries, this evidence has prompted the development of smoke-free policies in public spaces and workplaces, including hospitality venues, hospitals and hospital campuses. 1 Such bans have had beneficial consequences at a public health level, mainly on cardiovascular diseases and respiratory symptoms. 3, 4 Despite the smoke-free policies legislated in some countries, residential healthcare centres and mental health units are usually exempted from implementing these policies. [5] [6] [7] Only a few countries have banned indoor smoking in psychiatric hospitals, 8, 9 and this topic is still being debated.
People with mental illnesses have a higher prevalence of tobacco consumption than the general population and have more severe dependency as well. 10, 11 The prevalence and severity of smoking increases as the severity of the mental illness increases, 10 with a smoking prevalence of up to 80% in patients admitted to inpatient units. 11 Patients with severe mental illness die 25-30 years earlier than the general population, mainly due to diseases that are caused or worsened by tobacco use. 12 Nevertheless, smoking cessation treatment is seldom provided or included in the general care plan of the patients. 8, 13 Moreover, mental health professionals are often reluctant to implement total indoor and outdoor smoking bans in mental health wards, usually preferring partial bans. 14, 15 It is commonly argued that their patients lack the motivation to quit smoking and that it will be difficult for them to stop smoking. It is further hypothesized that total smoking bans could increase patient aggression, seclusion and the need for restraint, or could even lead them to discharge themselves against medical advice. It is also feared that total bans might compromise the course of the patient's mental health disorder or jeopardize abstinence from or treatment outcomes from dependence on other drugs. However, there is compelling scientific evidence showing that these consequences are unlikely to occur. 6, [16] [17] [18] In fact, some studies indicate that partial smoking bans that allow smoking in designated places tend to cause more disruption than total smoking bans. 19 Levels of exposure to second-hand smoke in different mental health units have never been assessed objectively, and few surveys have been conducted that ask the staff about their perceived exposure to second-hand smoke. 19 The goal of this study was to objectively evaluate the levels of second-hand smoke in psychiatric inpatient units according to the type of smoking ban.
Method
Study design and sampling procedure We conducted a cross sectional study between November 2010 and March 2011. The target units for evaluation were all mental health inpatient units (n ¼ 67) that treated adult patients in Catalonia, Spain. Catalonia is located in the north-eastern part of Spain and has 7.5 million inhabitants. Of these 67 units, 16 were acute-patient units, 31 were subacute and medium-and long-stay patients units, 12 were detoxification or dual disorders units (the latest treating addictive disorders concurrent with other mental health disorders) and in the other 8 facilities two different types of units were present. These 67 units have a total of approximately 2300 beds, and more than 23 500 patients are admitted during a single year. 13 Sixty-four of the 67 mental health inpatient units participated in the study. Two medium-and long-stay units declined to participate, and one dual disorders unit was excluded due to technical problems with the device during the measurements. An informational e-mail plus follow-up telephone calls were used to contact the managers who were in charge of each unit. These communications stated the objectives of the study and explained the study procedures. We also responded to any questions and asked for participation consent. The Research and Ethics Committee of Bellvitge University Hospital approved the study protocol, and the protocol was subsequently sent to and approved by the participants (if required by the unit).
For study purposes, the units were divided into four groups according to their smoking policies: 1: Indoor and outdoor ban (n ¼ 7); 2: Indoor ban (n ¼ 31); 3: Indoor smoking rooms (i.e. units that allowed smoking in designated indoor smoking rooms that were used only for smoking) (n ¼ 14); and 4: No smoking ban (i.e. units that allowed smoking in one or more indoor common areas, mainly living rooms, that were shared by smokers and non-smokers) (n ¼ 12).
During the study period, Spain was transitioning from implementation of one national smoking regulation to a newer regulation, which explains why the psychiatric units we studied had a variety of smoking policies. The previous law (Law 28/2005 , which was enforced until December 2010) banned smoking in healthcare centres but exempted psychiatric units, where indoor and outdoor smoking areas were permitted. The new law (Law 42/2010, which was enforced starting in January 2011) extended the ban to outdoor hospital campuses, banned smoking areas (either indoor or outdoor) in short-stay psychiatric units and allowed smoking rooms in medium-and long-stay psychiatric units. 20 Second-hand smoke assessment We measured the mass concentration (mg/m 3 ) of respirable suspended particles with an aerodynamic diameter equal to or less than 2.5 mm(PM 2.5 ) as a marker of second-hand smoke. Particles emitted from burning cigarettes are in a size range of 0.002-2 mm. 21 The measurements were performed using a TSI Side Pak Personal Aerosol Monitor (model AM510; TSI Inc., MN, USA). This portable, hand-size, discreet device does not disturb the patients or the staff, nor does it affect their normal behaviour. The device uses a built-in sampling pump that draws air through the device. The particulate matter scatters the light from a laser, and the amount of light scattering is detected. The sample flow rate through the monitor was set at 1.7 l/min and logged PM 2.5 concentrations at 1-s intervals. The device was calibrated before the study using a K factor of 0.52 22 and was zero-calibrated prior to each use with a HEPA filter according to the manufacturer's specifications. PM 2.5 concentrations are provided in mg/m 3 . We performed measurements in three common locations in each unit: the living room, the main corridor and the staff room. We also assessed other locations when they existed, such as smoking rooms, outdoor smoking areas and an indoor area 5 m away from the outdoor or indoor smoking areas. Every location within each unit was tested for a period of 15 min, thus resulting in 45 to 90 min of measurements at each unit. At the same time, we recorded observational data for each location: the area and volume of the location, the presence of ventilation such as smoke extractors or opened windows and the number of cigarettes that were lighted during the monitoring session. We also conducted a control measurement at a location outside the mental health unit campus in order to register baseline PM 2.5 levels, which may be originated by traffic air pollution.
Statistical analysis
We report the PM 2.5 results as geometric mean concentrations due to their skewed distribution along with the 95% confidence intervals. We also calculated the median values and interquartile ranges and the arithmetic means and 95% confidence intervals. We compared PM 2.5 concentrations according to the type of ban in the units (the four groups mentioned above) using analysis of variance (ANOVA) for all the locations together and separately for the three common areas (living room, main corridor and staff room). We also conducted tests for linearity between the groups. Finally, we ran multiple linear regression models that were adjusted for potential confounders. We used log-transformed PM 2.5 concentrations for all of these analyses due to the skewed distribution. All analyses were carried out using PASW Statistics 18.0 (SPSS Inc., Chicago, IL, USA).
Results
We measured PM 2.5 concentrations at 241 locations in the 64 mental health inpatient units; 180 of the locations were common areas, i.e. a living room, main corridor or staff room. 3 in units that allowed smoking in common indoor areas. There were differences in the PM 2.5 concentrations by the type of smoking ban, both globally and for each of the locations. There was a linear increase in the PM 2.5 concentration as the strictness of the smoking ban decreased (P < 0.001). The geometric mean of the PM 2.5 concentrations at control locations, i.e. measured outdoors away from the hospital campuses, was 10.88 mg/m 3 (95%CI: 10.26-11.52 mg/m 3 ). Table 2 shows the PM 2.5 concentrations in 57 locations where smoking was allowed. During times when smoking was allowed ('smoking times'), the geometric mean PM 2.5 concentration was 24.76 mg/m 3 in outdoor areas (7.41 mg/m 3 at non-smoking times), 286.50 mg/m 3 in designated smoking rooms and 264.94 mg/m 3 in common areas shared by smokers and non-smokers (usually living rooms). The mean PM 2.5 concentration in indoor areas that were 5 m away from an outdoor smoking area was 20.92 mg/m 3 . After assessing the crude associations and checking mutual confounding by the independent variables, we fitted a regression model with several covariates (selected according the magnitude of the coefficients and its conceptual importance). No meaningful confounding effect of 'number of cigarettes lighted', 'time of measurement' or 'ventilation' was observed upon the rest of variables (coefficients changes ranging 4 to 7%). The final model showed that PM 2.5 concentrations (living room, main corridor and staff room combined) were associated with: the number of cigarettes lit during the measurement; the type of smoking ban (increasing concentrations as ban strictness decreased); the number of beds in the unit (higher PM 2.5 concentrations in units with more than 30 beds); the time of the measurement (higher PM 2.5 concentrations in measurements recorded after 14:00 h); and the presence of smoke extractors or opened windows ( Table 3) . The model explains 40.3% of the observed PM 2.5 variability.
Discussion
This study provides the first large data set of the levels of second-hand smoke in mental health inpatien units. The second-hand smoke concentrations were generally high, and these levels have been shown to have harmful health effects on humans, even increasing the risk of mortality. 23 The concentration of second-hand smoke varied according to the type of smoking ban, with increasing levels of second-hand smoke associated with decreasing smoking ban strictness.
Indoor levels of PM 2.5 are usually compared with the air quality standards established by the Air Quality is the lowest level at which total cardiopulmonary and lung cancer mortality has been shown to increase (with more than 95% confidence) in response to long-term exposure. The results of our study show that only mental health units with total bans, i.e. units that do not allow smoking indoors or outdoors, had PM 2.5 concentrations below the WHO recommended threshold. In contrast, units with indoor smoking areas had 2-to 5-fold the recommended levels of PM 2.5 in their non-smoking areas. Notably, 25 and 35 mg/m 3 levels are associated with 9% and 15% increases in the risk of premature mortality, respectively. 24 Units with indoor smoking bans that allowed smoking outdoors also showed levels of PM 2.5 that were above the recommended WHO threshold. Taken together, these data suggest that tobacco smoke from outdoor or indoor smoking areas drifts into indoor non-smoking areas. 25 When obtaining measurements in the different types of smoking areas, we observed very high levels of particulate matter (mean PM 2.5 levels 4250 mg/m 3 ) in the indoor smoking areas. This result was especially concerning when the indoor smoking area was a common area, usually a living room, that was shared by smokers and non-smokers, both of whom spent a lot of time there. During smoking times, the levels of PM 2.5 in the outdoor smoking areas reached concentrations that were similar to the WHO recommended threshold for short-term exposure, 25 mg/m 3 . However, our measurements showed that some outdoor smoking areas had higher levels of PM 2.5 . For example, a measurement of 465 mg/m 3 of PM 2.5 was the maximum value in one small outdoor smoking area that was semi-covered and that became crowded during smoking times. In fact, outdoor levels of PM 2.5 can be markedly high, depending on the number of smokers, the location of adjacent walls and meteorological conditions. 25 Locations in indoor units where smoking was not allowed but that were near (within 5 m) indoor or outdoor smoking rooms/areas showed high levels of PM 2.5 due to drifting tobacco smoke. Also, indoor levels of PM 2.5 slightly increased due to the exhaled air after the last cigarette puff smoked outdoors. 26 These results are interesting since partial smoking bans that only allow smoking outdoors are usually perceived to be safe smoking bans by staff. 19 Accordingly, the ineffectiveness of partial smoking bans in protecting staff from Only when there was an indoor area that was 5 m from the smoking area.
second-hand smoke was also observed in a previous observation in a single mental health unit with seven non-smoking workers. 27 Levels of PM 2.5 were high inside the units, both in staff rooms and in specific smoking areas where staff must sometimes be present to supervise patients during the patients' smoking times. This is incompatible with health and safety risk management policies in the workplace. It would be interesting to study the actual impact of second-hand smoke on the health of these workers compared with non-exposed staff. Several studies have shown an improvement in health symptoms among hospitality employees after implementation of total smoking bans. 2 The harmful health effects of second-hand smoke have been proven in the general population, but these effects may have a greater impact on patients with mental health disorders who are admitted to psychiatric hospitals, in view of the generally poor health of this population. These patients usually present with an unhealthy lifestyle in which heavy smoking, high alcohol intake, poor diet and physical inactivity has led to high rates of obesity, hypertension, diabetes and high blood cholesterol. 28 Some antipsychotic drugs increase the risk of adverse effects related to weight gain, high serum cholesterol and metabolic syndrome and thus confer a higher risk for cardiovascular diseases. 29 In addition, due to pharmacokinetic interactions, smokers have lower blood levels of some antidepressant and antipsychotic drugs, necessitating increases in the dosage. 30 There is a persistent and increasing gap in mortality between discharged psychiatric patients and the general population. 31 Patients with severe mental health disorders have over three times the odds of having chronic bronchitis and chronic obstructive pulmonary disease than the general population 32 and have twice the risk for coronary heart disease, which is the leading cause of death in this population. 33 Moreover, recent studies suggest an association between second-hand smoke and both psychological distress and risk of future psychiatric illness in healthy adults. 34 Second-hand smoke may worsen the baseline condition of patients during their admission (which in turn can last up to several years). Passive smoking may also have an impact on patients admitted to short-stay units as it has harmful effects even when the duration of exposure is short. For instance, exposure to tobacco smoke for 30 min can cause endothelial dysfunction in the coronary circulation of nonsmokers. 35 This study has some limitations. PM 2.5 is not a specific marker of second-hand tobacco smoke. However, this method of measurement obtains results that are similar to those using air nicotine concentrations (correlations ranging from 0.64 up to 0.98 between PM 2.5 concentrations and airborne nicotine). 22, 36 Indeed, PM 2.5 concentration is widely used to assess second-hand smoke levels in indoor spaces, 22, 36, 37 with reliable results obtained in locations with low and high PM 2.5 concentrations. 22, 36 We performed measurements at each unit on a single day with relatively short sampling times, and although other studies have performed similar measurements, longer sampling times may yield proportionately more reliable measurements. 37 Finally, the measurements were performed during the same season but in different geographical areas at different times; however, the outdoor PM 2.5 concentration used as a control measurement for all the units has low variability, which strengthens the reliability of the indoor measurements. The strengths of this study include the novelty of the results and the large sample, which included 95.5% of all inpatient mental health units in an area with more than 7 million inhabitants. 
SECOND-HAND SMOKE IN MENTAL HEALTHCARE SETTINGS
When considering how to provide a smoke-free environment in psychiatric units, the results of this study suggest that the focus should be on the type of smoking ban. However, smoke-free bans are often voluntary policies worldwide. 6 Implementing total bans would require improving resources that are often scarce in these settings, such as smoking intervention programmes, 38 the availability of smoking cessation drugs, training for staff to apply smoking interventions, etc. 8, 13 The high levels of second-hand smoke in inpatient mental health units highlight the need to be healthpromoting and concurrently consider both the mental and physical health of these patients. 39 The findings of this study indicate that only total bans in mental health units protect patients and staff from secondhand smoke. The results may help policy makers decide what type of smoking policy to implement and could contribute to denormalizing smoking in mental health settings.
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